This study investigated the effects of different storage conditions (refrigerator, cupboard and sunlight) on the quality of drinking water collected from the distribution system. The study was carried out in the period June-July 2017 and focussed on selected suburbs of Harare. Sampling sites on the distribution system were grouped into three zones (1, 2 and 3) depending on the proximity to the treatment plant, whether there was further chlorination or not and the water flow path. Three water samples were collected in opaque 5 L containers from one site (tap) in each zone and stored under the three storage conditions and periodically analysed for pH, free residual chlorine, temperature and chlorophyll-a. The pH of stored water increased with storage time for all storage conditions and in all zones. The residual chlorine decreased with time in all zones and under all storage conditions. The chlorophyll-a levels also decreased with time under all storage conditions. Refrigerator samples showed the slowest deterioration of water quality and sunlight the highest.
INTRODUCTION
Safe drinking water is crucial for human health and is one of the basic needs of life (Krishna et al. ) . However many people in the world do not have access to this basic need (Nabeela et al. ) . As a result there is use of unreliable water supplies that are of poor quality throughout the developing world (Khadse et al. ) . The available freshwater water resources worldwide are decreasing due to competing demands, climate change, as well as population growth (Savage & Diallo ) . The contamination of water bodies is a problem experienced worldwide (Sharma & Bhattacharya ) . Water pollution is mainly caused by undertreated municipal sewage, agricultural livestock wastes, fertilizers, pesticides and industrial wastes (Hsion-Wen & Xagoraraki ). Increased economic growth in developing countries has resulted in contamination of water bodies (Savage & Diallo ) . However, the contaminated water is still used as raw water sources for drinking due to a shortage of better sources of water.
Many African countries face the challenge of providing drinking water of adequate quality and quantity (Abdelrahman ; Chalchisa et al. ). Many utilities and water supply authorities worldwide fail to supply water of acceptable quality (Goyal & Patel ) thus exposing customers to health risks (Abdelrahman ) . Contaminants in drinking water can cause both acute and chronic effects, the acute effects being caused by viruses and bacteria which can be dangerous to the immune compromised individuals like the elderly and children (Proto et al. ) . Furthermore, water supply is erratic and intermittent in most urban areas of low and middle income countries with over one third in Africa (Nabeela et al. ) . This is worsened by the existence of ageing infrastructure and poor water loss management which has resulted in huge losses reported to be up to 60% (Ndunguru & Hoko ) . This has resulted in people developing coping mechanisms including resorting to storage of water in overhead tanks and small containers in the household (Schafer & Mihelcic ) .
Water problems in Harare have been identified as both of a quantity and quality nature mainly due to the pollution of Lake Chivero (Nhapi ) . The water supply system of Harare has many challenges including high levels of nonrevenue water reported to be up to 60% at times (Ndunguru & Hoko ) . It is reported that the demand is far higher than the supply capacity which has been affected by a breakdown of key water treatment plant units and equipment as well as for critical booster pump stations (Chisango ) .
This coupled with high water losses has resulted in parts of the city getting erratic supplies with some parts not getting water for years. There have been reports of recurrent complaints on the drinking water quality of Harare over the years (Chirisa et al. ) . The quality of water in most parts of the distribution system does not meet the stipulated guideline values (Nhongo et al. ) . The greenish pigment which develops in the water from the network is linked to the presence of algae. The problem of algae comes from the polluted state of the main source of drinking water (Lake Chivero) which has resulted in the detection of toxins produced by algae (microcystins) in the treated water (Mhlanga et al. ) . A study by Hoko & Makado () showed carry over of algae in the final treated water at the treatment plant and there is a high possibility that the algae may be found in the drinking water distribution system. The presence of algae has resulted in unpleasant taste and odour problems (Mhlanga & Mhlanga ) , as well as colouration of the water. This has reduced the confidence of the consumers leading to rejection of which some of the downstream impacts include poor relations with customers and low willingness to pay for the service. The 2008/ 2009 cholera outbreak in Harare, and repeated cases of typhoid in some suburbs in the city, have been attributed to poor drinking water quality caused by poor wastewater management (Chirisa et al. ) .
The irregular supply of water in some parts of Harare creates a need for water storage at the household level.
It has been established that the quality of drinking water deteriorates during storage (Khadse et al. ) .
When water is stored for days it may deteriorate in quality such that it may not be suitable for drinking (Douhri et al. ) . The quality of water is also negatively affected by the residence time (Schafer & Mihelcic ) . Given this background a study was carried out in Harare in the period June-July 2017. The main objective of the research was to examine the effects of storage conditions and time on the quality of water based on selected parameters.
STUDY AREA Location of study area
Harare is the capital city of Zimbabwe and is the administrative, commercial, industrial and communications centre of the country. It is surrounded by satellite towns that include Chitungwiza, Epworth, Norton, and Ruwa. 
Water supply
Harare City supplies water to its residents as well as those of its neighbouring towns which are Chitungwiza, Epworth, Norton and Ruwa (Nhapi & Hoko  modes of water supply and these include the pumping, the gravity supply and one which combines both pumping and gravity modes. Water from MJ takes three main routes, the first is that which goes direct to Kuwadzana Reservoir, the 
MATERIALS AND METHODS

Study design
Harare was chosen as the study area because it has a large population that constitutes about 16% of the national population and any negative water supply effects would result in considerable public health consequences on its residents.
According to 
Data collection
Samples were collected at selected sampling sites in the distribution system as was carried out by Qaiser et al. () .
Water samples were collected from three zones in the distribution system. Kuwadzana, Glen View and Belgravia represented Zones 1, 2 and 3, respectively. Water samples were collected from customer taps in opaque 5 L plastic containers. The containers were first sterilised using 5% nitric acid and then rinsed with distilled water several times to remove contaminants (Bieranye et al. ) . Three samples were collected from each zone from one tap. The three samples from each zone were then stored in the refrigerator, sunlight and the cupboard at the University of Zimbabwe to assess the effects of different storage conditions and time on the quality of water. The samples were analysed for initial concentrations of the parameters of interest (pH, temperature, free residual chlorine, and chlorophyll-a). Samples (500 mL) were collected from the 5 L containers on a weekly basis for a month and analysed for the selected parameters. Table 1 presents details of the instruments that were used for water quality analysis.
RESULTS AND DISCUSSION
The results for each of the parameters are presented in the sections that follow.
pH
The pH variation with storage time for water samples from Zones 1, 2 and 3 is shown in Figure 4 . In Zone 1, initially water had a pH of 6.95. For refrigerator storage, the pH gradually increased from the initial value to 7.34 by the end of the experimentation period (4 weeks). There was a slight increase in pH in the first week but thereafter the pH increased to 7.34. The pH of water in the cupboard increased considerably from the initial value to a final value of 7.60 after 4 weeks. There was a slight increase in the first week followed by a decrease in the second week and a gradual increase in weeks three and four. For sunlight storage, pH increased from an initial value of 6.95 to 8.04 after 4 weeks. In Zone 2, there was a gradual increase in pH of the water for refrigerator samples from an initial value of 7.00 to 7.45 at the end of the experimentation period. Water stored in the cupboard gradually increased from the initial value of 7.00 to 7.54 by the fourth week.
Water stored in the sunlight reached a final value of 7.94 in four weeks. In Zone 3, the initial pH was 6.95. The pH of refrigerator, cupboard and sunlight samples all increased gradually to final values of 7.20, 7.25 and 7.25 respectively after 4 weeks of storage.
All the water samples stored under the three conditions remained within the SAZ () and WHO () pH guideline value of 6.5 to 8.5. In a study on the impact of storage tanks on drinking water quality in Jordan, the pH of the water stored in polyethylene containers increased from 7.5-7.8 to 7.8-8.2 during storage (Ziadat ).
All water samples from the three zones and under all storage conditions had an increase in pH with storage time. A one-way analysis of variance (ANOVA) showed that there were no significant differences in pH among all the storage conditions. However, there were significant Chlorophyll-a Acetone extraction week of storage in the refrigerator, the temperature dropped to 4.8 C and slightly increased to 4.9 C in week four. For water stored in the cupboard, the temperature slightly decreased to 21.9 C after 1 week of storage, finally reaching 22 C in week four. Water stored in sunlight had an increase in temperature to 24 C after 1 week of storage and after the 4 weeks of the experimentation period it was 22.8 C. Water samples from Zone 2 had an initial temperature of 21.8 C.
After 1 week of storage in the refrigerator, the temperature dropped considerably to 5.2 C and remained almost constant during the storage period, reaching 4.8 C in week four. For cupboard storage, the temperature decreased to 21.2 C after 1 week of storage, and remained almost constant with a final value of 21.9 C in week four. Water in the sunlight. There were no significant differences in the initial and final temperature under all storage conditions except for the refrigerator samples.
Free residual chlorine
Free residual chlorine variation with storage time for water samples from Zones 1, 2 and 3 is shown in Figure 6 . The free residual chlorine concentration of water from Zone 1 which was stored in both the refrigerator and the cupboard decreased to below the lower WHO () guideline value after 4 weeks. However, it took 3 weeks for water stored in sunlight from the same zone to reach the same level. Thus, water from Zone 1 may generally be stored for 2-3 weeks with chlorine levels still being acceptable. Water from Zone 2 had an initial free residual chlorine that was lower than the WHO () lower limit of 0.2 mg/L and by the end of the experimentation storage period it was practically zero. There were no significant differences in free residual chlorine among all the storage conditions. However, there were significant differences in the initial and final free residual chlorine concentration under all storage conditions. It took only 1 week for the free residual chlorine concentration of water from Zone 3 under all storage conditions to decrease to below the WHO () lower limit.
Thus, the initial level of chlorine is a major factor affecting the residual chlorine level during storage. Zone 1 had both an initial and final chlorine level higher than the other two zones under all storage conditions. Generally, the rate Chlorophyll-a
Chlorophyll-a variation with storage time for water samples from Zones 1, 2 and 3 is shown in Figure 7 . Water from Under all storage conditions, pH showed an increasing trend. This could be due to the reduction of chlorine concentration through decay of chlorine resulting in reduction of acidity in water. There is an inverse relationship between pH and the reduction of residual chlorine in water distribution networks (Nouri et al. ) . The reduction of carbon dioxide due to photosynthesis also results in an increase in pH. In a study to investigate the effect of temperature and pH on chlorophyll-a degradation, it was found out that the chlorophyll-a concentration decreased with an increase in pH (Petrovi et al. ) .
It was established that chlorophyll-a concentration showed an inverse relationship with chlorine. The zone with the highest initial chlorine concentration showed the highest reduction in chlorophyll-a. Water stored in the refrigerator had the sharpest decrease in chlorophyll-a concentration while that stored in sunlight had the least, suggesting temperature and sunlight effect. It took the least time for chlorophyll-a concentration to decrease to zero for refrigerator storage and longest for storage under sunlight.
CONCLUSIONS AND RECOMMENDATIONS Conclusions
It was concluded that the quality of water stored under all the storage conditions deteriorated with storage time in terms of pH as it became more alkaline as storage time increased, but remained within both SAZ and WHO guideline values. Water stored in sunlight had the fastest decrease in free residual chlorine concentration, followed by that stored in the cupboard, and the least was water which was stored in the refrigerator. The free residual chlorine concentration decreased to below the WHO guideline within 4
weeks. Chlorophyll-a was initially above the limits set by WHO but dropped to zero over time. The fridge had the fastest reduction in chlorophyll-a while the chlorophyll-a persisted longer for sunlight storage. Temperature was found to affect all other parameters and water quality.
There was an inverse relationship between chlorophyll-a and initial free residual chlorine.
Recommendations
It is recommended that Harare Water Department should carry out awareness campaigns to residents on disinfecting stored water which should be done at least a week after storage in areas that do not receive further chlorination and 3 weeks in areas that receive further chlorination.
Boosting of residual chlorine in Zone 2 to reduce the risk
